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(54) Semiconductor probe card device with a ball-bump 



(57) The present invention provides a semiconduc- 
tor device comprising at least one ball-bump, character- 
ized by a semiconductor substrate (1) fonned with at 
least one recessed portion (16), and an electrically con- 
ductive layer (4) covering at least a surface of the 
recessed portion (16) therewith the ball-bump (5) being 
formed on the electrically conductive layer (4) within the 
recessed portion (16). The semiconductor device can 
act as a probe card by additionally having a tester 



device (2) formed in the semiconductor substrate (1) 
and provided with a function of testing electrical per- 
formances of a semiconductor device. Since the 
recessed portion (16) can be formed by lithography 
technique, it is possible to locate the ball-bumps (5) in 
place with higher accuracy than a conventional semi- 
conductor device. 
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Description 

BACKGROUND OF THE INVENTION 

RELp OF THE INVENTION 5 

The invention relates to a semiconductor device 
including an LSI cliip. and more particularly to an 
improvement in locating ball-bumps on a surface of an 
LSI chip. The invention also relates to a method of fab- 
ricating such a semiconductor device. 

DESCRIPTION OF THE RELATED AFTT 

A conventional semiconductor device including an 
LSI chip therein has a flat surface on which a circuit is to 
be formed and electrically conductive pads made of 
material such as aluminum are to be formed. There are 
further formed thin films on the pads as an intermediate 
conductive layer in order to provide soldering material 
thereon from which a ball-bump is to be made. The thin 
films are made of, for instance. Cr-Cu-Au, and may be 
formed by evaporation or sputtering. Bail-bumps made 
of, for instance, Pb-Sn family solder are mounted on the 
thin films. 

An organic film such as a metailic oxide film and a 
polyimide film may be used as a passivation film to pro- 
tect a surface of a semiconductor device on which a cir- 
cult is formed. 

When 10 chips having been formed on a wafer are 
to be tested as to whether they have expected electrical 
performances prior to scribing them into individual 
chips, a probe card Is often used for testing IC chips. 
One of probe cards has been suggested in Japanese 
Unexamined Patent Publication No. 3-126240. Herein- 
below is explained the probe card with reference to 
Figs. 1 A to 1 D, 2A and 2B. Figs. 1 A to 1 D shows respec- 
tive step of fabricating the probe card. Fig. 2A is a plan 
view of the completed probe card, and Fig. 2B Is a bot- 
tom view of the same. 

First, as illustrated in Fig. 1 A, there is prepared a p- 
or n-type silicon substrate 21 . Then, as illustrated in Fig. 
IB. a group of ball-bumps 22a are formed on an upper 
surface of the silicon substrate 21 by etching in align- 
ment with pads mounted on a wafer chip. Similarly, a 
group of ball-bumps 22b are formed on a lower surface 
of the silicon substrate 21 by etching in alignment with 
terminals of a tester independently of the ball-bumps 
22a. Then, as illustrated in Rg. 10. acceptor impurities 
23 having the valence of +3 such as B, Al, In and Ga or 
donor impurities having the valence of +5 such as As. 
Sb and P are implanted into the ball-bumps 22a and 
22b in order to decrease a resistance of the ball-bumps 
22a and 22b. Then, as illustrated in Figs. 1 D, 2A and 2B. 
there are arranged wirings 24 for electrically connecting 
th ball-bumps 22a and 22b to each other. In addition, 
an oxide film is formed over a surface of the silicon sub- 
strate 21 except the ball-bumps 22a and 22b to increase 
a resistance. As illustrated in Rg. 2A, there may be pro- 



vided a compensation circuit 25 on the silicon substrate 
21 in electrical connection with the wirings 24 in order to 
compensate for high-frequency 

Then, an X-Y table on which an IC chip to be tested 
is mounted is positioned in place. By compressing the 
ball-bumps 22a onto pads of an 10 chip to thereby keep 
them in electrical connection to each other, the pads are 
electrically connected to terminals of a tester through 
the wirings 24 and the bad-bumps 22b. Thus, the IC chip 
can be tested for electrical performances. 

The above mentioned conventional semiconductor 
device acting as a probe card has shortcomings as to 
connection between the ball-bumps and pads of an IC 
chip and so on as follows. 

In the formation of ball -bumps on a flat surface of a 
semiconductor device, it is necessary that electrically 
conductive pads and electi-ically conductive thin films to 
be formed on the pads are positioned in place with high 
accuracy If such positional accuracy could not be 
obtained, the ball-bumps would be formed out of 
intended position, resulting in that it is considerably dif- 
ficult or almost impossible to obtain high accuracy and 
hence high reliability in the connection of the ball- 
bumps. Even If the ball-bumps could be positioned witii 
high accuracy It is necessary to prepare jigs and/or 
equipments for setting ball-bumps, which would 
increase cost and deteriorate throughput. 

In the connection between ball-bumps and a semi- 
conductor device, a problem would arise as to an adhe- 
sive force, since the ball-bumps make contact with tiie 
device through conductors in a flat fashion. Hence, 
when the semiconductor device is connected to a pack- 
age or a module substrate, a stress might exert on tiie 
ball-bumps due to a difference in thermal expansion 
coefficient between the device and such a package or 
module substrate, resulting in that the device becomes 
defective. 

In tiie above mentioned conventional probe card, a 
silicon substrate Is formed witii silicon projections by 
etching in order to make contact and hence electrical 
connection with pads of a wafer chip. However, it is very 
difficult to control a height of such projections in microm- 
eter order by etching. Thus, it is impossible for etching 
process to make a probe card which can deal with a 
chip having the greater number of pins at a smaller 
pitch. 

In addition, since the silicon projections are integral 
with a silicon substi'ate. if only one projection would 
become defective, a whole probe card which contains 
the defective projection and is to be used for one IC chip 
becomes defective. Since it is impossible to repair tiie 
defective projection, a probe card containing ttie defec- 
tive projection has to be wholly abandoned. In addition, 
a part of a wafer is kept untested, and thereby it 
becomes necessary to canry out a retest. 

The impurities 23, which are implanted into tii~ sili- 
con substrate 21 in order to decrease a resistance of 
tiie ball-bumps 22a and 22b, would establish PNP or 
NPN type parasitic transistors betwe n the adjacent 
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as to electrical performances. s 

The above mentioned conventional probe card has 
two functions, one of which is to make contact and 
hence electrical connection with pads of a wafer chip, 
the other is to make connection with a tester. Thus, both 
a probe card and a tester were required for testing a 10 
wafer. A tester Is usually expensive, and increases feb- 
rication costs. 

In general, a chip which have been found defective 
is marked for clearly showing the chip is defective. How- 
ever, a conventional probe card does not have such a is 
function. 

SUMMARY OF THE INVENnON 

In view of the foregoing problems of the prior semi- 20 
conductor device, It is an object of the present invention 
to provide a semiconductor device in which ball-bumps 
are positioned in place with high accuracy and ball- 
bumps are secured to a substrate with high adhesive 
force, and which can be used as a probe card capable 2s 
of testing electrical performances of a semiconductor 
device without any tester. It is also an object of the 
present invention to provide a method of fabricating 
such a semiconductor device. 

The present invention provides a semiconductor 30 
device having a ball-bump, characterized by a semicon- 
ductor substrate formed thereon with at least one 
recessed portion, and an electrically conductive layer 
covering at least a surface of the recessed portion 
therewith, the ball-bump being formed on the electrically 3S 
conductive layer within the recessed portion. 

The above mentioned semiconductor device may 
act as a probe card by additionally including a tester 
device formed in the semiconductor substrate. The 
tester device has a function of testing electrical perform- 40 
ances of a semiconductor device. 

The present invention further provides a semicon- 
ductor device having a ball-bump, characterized by a 
semiconductor substrate formed on one of upper and 
lower surfaces thereof with at least one recessed por- 45 
tion, an electrically conductive layer covering at least a 
surface of the recessed portion therewith, a ball-bump 
formed on the electrically conductive layer within the 
recessed portion, a circuit pattern formed on the other 
surface of the semiconductor substrate, the circuit pat- so 
tern being electrically connected to the electrically con- 
ductive layer via through holes formed in the 
semiconductor substrate, and a semiconductor chip dis- 
posed on the circuit pattern in electrical connection 
therewith to constitute a tester device having a function ss 
of testing electrical performances of a semiconductor 
device so that the semiconductor device can act as a 
probe card. 

The present invention still further provides a semi- 



surface of the recessed portion therewith, a ball-bump 
formed on the electrically conductive layer within the 
recessed portion, a circuit pattern formed on the other 
surface of the semiconductor sutstrate, the circuit pat- 
tern being electrically connected to the electrically con- 
ductive layer via through holes formed in the 
semiconductor substrate, a tester device formed below 
the other surface of the semiconductor substrate, the 
tester device having a function of testing electrical per- 
formances of a semiconductor device so that the semi- 
conductor device can act as a probe card, a light 
emitting device being designed to emit a light to a sem- 
iconductor device which has been found defective by 
the tester device, and a semiconductor chip disposed 
on the circuit pattern in electrical connection therewith, 
the semiconductor chip being designed to have a func- 
tion for changing specification of the tester device. 

The present invention still yet provides a method of 
fabricating a semiconductor device having a ball-bump, 
characterized by the steps of (a) febricating a tester 
device for testing electrical performances of a semicon- 
ductor device, (b) forming a recessed portion on a sur- 
face of a semiconductor substrate, (c) covering the 
semiconductor substrate with a metallic oxide layer, (d) 
forming through holes in the metallic oxide layer, (e) 
forming an electrically conductive layer over the metallic 
oxide layer, the metallic layer having electrical connec- 
tion with the tester device through the through holes, (f) 
forming a protection layer over the semiconductor sub- 
strate except the recessed portion, (g) forming a thin, 
electrically conductive film over the electrteally conduc- 
tive layer within the recessed portion, and (h) forming a 
ball-bump covering the recessed portion. 

The formation of the recessed portion makes it pos- 
sible to form a ball-bump precisely in place. In addition, 
since the recessed portion provides a greater area to 
make contact with a substrate than a flat surface to a 
ball-bump, it is possible to increase an adhesive force 
between a ball-bump and a substrate. 

For the purpose of protecting a surface of the sem- 
iconductor device on which a circuit is to be fbrmed, 
there may be formed an oxide film or polymeric resin 
f ilm on the surface. When there is to be used a silicon 
substrate, it is preferable to etch a surface having the 
Miller indices of (100). 

If the recessed portion is fbrmed on a (100) surface 
of the semiconductor substrate, it is possible to form the 
recessed portion In quadrangular pyramid. Thus, a ball- 
bump can have a center which is common to a summit 
of the quadrangular pyramid, and hence, a ball-bump is 
positioned in place with considerably high accuracy 

The semiconductor device may be used as a probe 
card by additionally forming a tester device in the semi- 
conductor substrate, and hence can act as a tester. For 
instance, the repairable ball-bumps formed in the 
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recessed portions act as a contact of a probe cand. 
Thus, it is no longer necessary to prepare both a probe 
card and a tester. 

In addition, the sen^conductor device is able to 
change specification of a tester device. The semicon- 
ductor device makes it possil)! to obtain a remarkably 
small-sized probe card. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantageous 
features of the present invention will be made apparent 
from the following description made with reference to 
the accompanying drawings, in which like reference 
characters designate the same or similar parts through- 
out the drawings, in which: 

Figs. 1 A to 1D are cross-sectional views of a con- 
ventional probe card, showing respective step of a 
method of fabricating the conventional probe card 
illustrated in Rgs. 2A and 26; 
Fig. 2A is a top view of a conventional probe card, 
illustrating ball-bumps for a wafer chip; 
Fig. 2 B is a bottom view of a conventional probe 
card of Fig. 2A, illustrating ball-bumps for a tester; 
Fig. 3 is a cross-sectiona) view of a semiconductor 
device made in accordance with the first embodi- 
ment of the present invention; 
Figs. 4A to 4H are cross-sectional views of a semi- 
conductor device, illustrating respective step of a 
method of fabricating the semiconductor device 
illustrated in Fig. 3; 

Fig. 5 is a cross-sectional view of a semiconductor 
device made in accordance with the second 
embodiment of the present invention; 
Fig. 6 is a cross-sectional view of a probe card 
made in accordance with the first embodiment of 
the present invention; 

Fig. 7 is a cross-sectional view of a probe card 
made in accordance with the second embodiment 
of the present invention; 

Fig. 8 is a cross-sectional view of a probe card 
made in accordance with the third embodiment of 
the present invention; 

Fig. 9 is a cross-sectional view of a probe card 
made in accordance with the fourth embodiment of 
the present invention; 

Fig. 10 is a cross-sectional view of a probe card 
made in accordance with the fifth embodiment of 
the present invention; 

Fig. 11 A is a cross-sectional view of a probe card 
made in accordance with the sixth embodiment of 
the present invention; and 
Fig. 11 B is an enlarged cross-sectional view of a 
portion A in Fig. 11 A. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to Figs. 3 and 4 A to 4H. the descrip- 

5 tion is made below on a first embodiment made in 
accordance with the invention. A semiconductor sub- 
strate 1 is constituted of an LSI chip and is sized by 4.5 
mm X 12.0 mm. The semiconductor arcuit 1 is formed 
therein with recessed portions 16 having a reverse 

to frusto-contcal shape. A circuit region 2 is formed in the 
semiconductor substrate 1 between the adjacent 
recessed portions 16. In the circuit region 2, there is 
formed a certain drcuit such as a tester for testing elec- 
trical performances of a semiconductor device, as men- 

15 tioned later. 

The semiconductor substrate 1 is covered with a 
metallic oxide film 12 for protecting the circuit region 2 
by insulating the circuit region 2 from others. In this 
embodiment, since the semiconductor substrate 1 is 

20 composed of a silicon chip, the metallic oxide film 12 is 
made of silicon dioxide (SiOa). The metallic oxide film 
12 Is in turn covered with an electrically conductive wir- 
ings 4 so that the wirings 14 entirely cover the recessed 
portions 16. The electrically conductive wirings 4 are 

2S made of aluminum. The electrically conductive wirings 4 
are in electrical connection with the circuit region 2 
through through-holes 19 formed throughout the metal- 
lic oxide layer 12. 

An electrically conductive, thin film 14 made of Cr- 

30 Cu-Au is formed covering the aluminum wirings 4 within 
the recessed portions 16. Bali-bumps 5 are formed on 
the recessed portions 16. The electrically conductive, 
thin films 14 disposed just below the ball-bumps 5 
enhance metallization and connection characteristics of 

35 the ball-bumps 5. The semiconductor substrate 1 is fur- 
ther covered with a protection film 1 8 made of pdyimide 
for protecting a surface thereof. However, the bad- 
bumps 5 are not covered with the protection film 18. 
In order to fabricate the semiconductor device as 

40 mentioned above, the following process is selected. 

First, as illustrated in Fig. 4A. there is prepared a 
semiconductor silicon wafer, and the circuit region 2 is 
formed in the semiconductor substrate 1 by using sem- 
iconductor diffusion process technique. Then, as illus- 

45 trated in Fig. 4B. there are formed the recessed portions 
16 in the semiconductor substrate 1 in alignment with 
pads of a semiconductor device to be tested. The silicon 
of which the semiconductor substrate 1 is made has a 
surface having Miller indices of (100), and the recessed 

50 portions 16 are formed by etching. The etching is car- 
ried out in KOH solution with a resist acting as a mask 
by using lithography technique. The recessed portions 
16 are shaped in reverse quadrangular pyramid, and 
have a square area by 0.1 x 0.1 mm at a surface of the 

55 semiconductor substrate 1 . The cross-sectional area of 
the recessed portions 16 becomes smaller in a depth- 
wise direction of the semiconductor substrate 1 . The 
recessed portions 16 have a depth of 0.08 mm. 

Then, as illustrated in Fig. 40. a surface of the sem- 
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ioonductor substrate 1 is covered wrth a metallic oxide 
film 1 2 made of silicon dioxide in order to protect the dr- 
cuit region 2 by insulating the circuit region 2 from oth- 
ers. Then, there are formed contact holes 19 throughout 
the metallic oxide film 1 2. s 

Then, as illustrated in Fig. 4D, there is formed an 
electrically conductive wiring 4 made of aluminum on 
the metallic oxide film 12 by sputtering or evaporation. 
The thus formed electrically conductive wiring 4 is in 
electrical connection with the drcuit region 2 through io 
the contact holes 19 formed throughout the metallic 
oxide film 12. 

Then, as illustrated in Rg. 4E, there is formed a pro- 
tection film 18 made of polyimide resin on the aluminum 
wirings 4 except on the recessed portions 16. As illus- is 
trated in Rg. 4F, there is formed an electrically conduc- 
tive, thin film 14 made of Cr-Cu-Au by sputtering, 
evaporation, electrolysis plating or non-electrolysis plat- 
ing on the aluminum wiring 4 within the recessed por- 
tions 16. The purpose of forming the electrically 20 
conductive, thin film 14 is to enhance metallization, wet- 
tability and adhesion of the bail-bumps 5. In addition, 
the film 14 acts also as a barrier metal. 

Then, as illustrated in Rg. 4G. the ball-bumps 5 are 
formed on the recessed portions 16. The ball-bumps 5 2s 
are fbrmed as follows. Rrst. soldering balls containing 
Pb-Sn as a chief ingredient are disposed on the 
recessed portions 16. Then, the soldering balls are 
heated to a melting point thereof. By melting tiie solder- 
ing balls, there can be fbrmed ball-bumps fixedly con- 30 
nected to the underlying metal. Then, as illustrated in 
Fig. 4H. a lead 3 is connected to the semiconductor 
substrate 1 for supplying power to the semiconductor 
substrate 1 therethrough. Thus, the semiconductor 
device is completed. 

The above mentioned first embodiment of tiie 
present invention provides a semiconductor device in 
which the ball-bumps are positioned with high accuracy 
in high adhesive force with underlying layers at lower 
costs but with high reliability 40 

Namely, in the formation of tiie recessed portions, 
an etching is carried out using a mask, and hence it is 
possible to form the recessed portions at just the 
designed locations. In addition, since tiie recessed por- 
tions are positioned with high accuracy, the ball-bumps 4$ 
which would be formed in subsequent steps can be 
positioned also with high accuracy. The ball-bumps are 
secured to the recessed portions via soldering material. 
Since there can be obtained a wider area for contacting 
the soldering material to the recessed portion. It is pos- so 
sible to secure the ball-bumps to the recessed portions 
with high adhesive force. In addition, it is relatively easy 
to set balls and soldering material on tiie formation of 
the ball-bumps, which enhances productivity witii the 
result of decreased total costs. There does never occur ss 
leakage between the ball-bumps, because the oxide 
films electrically insulate the recessed portions and tiie 
ball-bumps from each other. 

Thus, since tiie recessed portions are fbrmed by 



means of lithography technique in the present invention, 
it would be easier to an^nge tiie greater number of pins 
at a smaller prtch and form unifbmi ball-bumps in com- 
parison with a semiconductor device having ball-bumps 
formed by a conventional process. Hence, it is possible 
to expect highly accurate contacts when the ball-bumps 
are connected to packaging modules. 

Turning to Rg. 5. hereinbelow is described a s mi- 
conductor device to be made in accordance with the 
second embodiment of the present invention. A semi- 
conductor substrate 1 is made of Ga-As family. The 
semiconductor circuit 1 is fbrmed therein witii recessed 
portions 16 having a reverse frusto-conical shape. A cir- 
cuit region 2 is formed in the semiconductor substrate 1 
between the adjacent recessed portions 16. In the cir- 
cuit region 2, there is fbrmed a certain circuit such as a 
tester for testing electrical performances of a semicon- 
ductor device, as mentioned later. 

The semiconductor sttosti^ate 1 is covered with a 
protection film 18 made of polyimide, epoxy or bonzocy- 
dobutene all of which have photo-sensitivity. The pro- 
tection film 18 Is covered witii an electrically conductive 
wirings 4 so that the wirings 14 entirely cover the 
recessed portions 16. The electrically conductive wir- 
ings 4 are made of aluminum. The electrically conduc- 
tive wirings 4 are in electrical connection witii the circuit 
region 2 through through-holes 19 formed tiiroughout 
tiie protection film 18. The protection film 18 is fbrmed 
by means of lithography technique including steps of 
exposure and development. 

An electrically conductive, ttiin film 14 made of Cr- 
Cu-Au is formed covering the aluminum wirings 4 wittnin 
the recessed portions 16. Then, ball-bumps 5 are 
fbrmed on the recessed portions 16. 

The ball-bumps 5 are formed as follows. Rrst, a 
certain amount of sddering material containing Pb-Sn 
as a chief ingredient is filled in the recessed portions 16 
covered with tiie electrically conductive, thin film 14, by 
means of screen printing. Then, either plastic balls 
plated with metal such as nickel, copper, gold or solder 
or balls made of electrically conductive resin are put in 
the recessed portions 16. The soldering material is 
heated to a melting point thereof, and then the ball- 
bumps 5 are fbrmed with tiie sobering material being 
melted. 

The above mentioned second embodiment makes 
it possible to further decrease costs. In addition, the use 
of resin balls makes it possible to obtain a connection 
highly resistant to thermal stress, even though materials 
having different thermal expansion coefficients are to be 
used for a connection to a module. As to the otiier 
effects, ttie second embodiment has the same advanta- 
geous effects as the first embodiment. 

Hereinbelow, probe cards made in accordance with 
tiie present invention are described witii reference to 
Figs. 6 toll B. 

Rg. 6 illustrates a probe card made in accordance 
with the tiiird embodiment of the present invention. It 
shouM be noted that Fig. 6 does not illustrate the pro- 
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tection film 18 and the electrically conductive, thin film 4 
to be formed on a lower surface of th eemieonduct r 
substrat 1 for the sake of dartty. For the same reason, 
Rgs. 7 to 1 1 B do not illustrate them, either. 

The probe card illustrated in Rg. 6 is to be fabri- 
cated in the sam steps as those illustrated in Figs. 4A 
to 4H. Electrical power is provided to the probe card 
through the lead 3. By using the drcuit region 2. which 
is constructed as a semiconductor desnce, as a tester 
device, there can be obtained a probe card containing a 
tester device therein, and hence the probe card itself 
acts as a tester. The probe card having the above men- 
tioned structure provides the following advantages. 

A. An expensive tester is no longer necessary, 
because the probe card contains a tester device. 

B. Since the probe card is made of the same mate- 
rial as a material of which a device to be tested is 
made, there is not generated a stress due to a dif- 
ference in material. As a result, there occurs no 
shift and contact defectiveness. 

C. Since the recessed portions are formed in place 
by lithography technique, it is possible to increase 
pins at a smaller pitch. Since the recessed portions 
can be located in intended position with high accu- 
racy and hence the ball-bumps are formed in the 
recessed portions, there can be obtained highly 
accurate contact of the ball-bumps to a device to be 
tested. 

D. An oxide film electrically insulates tiie recessed 
portions from one another and further the ball- 
bumps from one another, and hence there does not 
occur leakage between the ball-bumps. As a result, 
it is possible to conduct a test with electrically high 
accuracy. 

E. The ball-bumps are repairable in the present 
invention unlike tiie conventional ball-bumps as 
illustrated in Figs. IB to 1D. Thus, a probe card 
made in accordance with-the present invention 
could be repaired only by exchanging a defective 
ball-bump to a new one, whereas conventionally a 
probe card had to be exchanged to a new probe 
card. 

F. The probe card made in accordance with the 
present Invention makes it no longer necessary to 
prepare a tester, and hence provides a greater effi- 
ciency with respect to equipment arrangement per 
a floor area than a conventional auto-prober. 

G. The probe card to be made in accordance with 
the present invention can be readily fabricated t>y 
means of a conventional metiiod of fabricating a 
semiconductor device. Namely, a high-degree tech- 
nique is not necessary to make the probe card. 

With reference to Rg. 7. hereinbelow is described a 
probe card made in accordance with the fourth embod- 
iment of the present invention. The illustrated probe 
card has the same structure as the probe card made in 
accordance with the third embodiment as illustrated in 



Fig. 6 except that a light emitting device 6 is formed in 
the drcuit region 2. In this embodiment, the semicon- 
ductor substrate 1 is made of GaAs. The light emitting 
device 6 can be readily fabricated by means of diffusion 

5 process. 

The light emitting device 6 acts as a marker to 
defective semiconductor devices during testing of semi- 
conductor devices witii r sped to electrical perform- 
ances. When a semiconductor device is found 

10 defective, the light emitting device 6 emits a tight 7 to the 
defective semiconductor device, thereby marking the 
defective semiconductor device. The probe card makes 
it possible to immediately judge as to whether a semi- 
conductor device is defective or not. 

IS Turning to Rg. 8. hereinbelow is described a probe 
card made in accordance with the fifth embodiment of 
the present invention. First, tiie recessed portions 16 
are formed at a lower surface of the semiconductor sub- 
strate 1 , and then the ball-bumps 5 are formed witiiin 

20 tiie recessed portions 16. Then, the electrically conduc- 
tive wirings 4 are formed in a pattern 4a on an upper 
surface of the semiconductor sut)sti'ate 1. The circuit 
pattern 4a is electi'ically connected to tiie electrically 
conductive wirings 4 formed within the recessed por- 

25 tions 1 6 through contact holes 4b formed throughout the 
semiconductor sut}strate 1. A semiconductor chip 8 is 
placed on the electrically conductive wirings 4, and then 
is electrically connected to the wirings 4 through ball- 
bumps 9 to thereby constitute an electric drcuit acting 

30 as a tester. Finally, a lead 3 is connected to the circuit 
pattern 4a made of the electrically conductive wirings 4. 
The semiconductor chip 8 has a function of changing 
specification of a tester, and cam'es out specification 
change by a repair. 

35 Thus, the probe card made in accordance with the 
f iftii embodiment provides an electric circuit for a tester. 
Hence, it is possible to have an electric circuit for a 
tester by means of tiie semiconductor chip 8 before a 
tester device is completed, which would be convenient 

40 for urgent need of a tester device. 

Turning to Fig. 9. a probe card is described to be 
made in accordance with the sixth embodiment of the 
present invention. The probe card has the same struc- 
ture as that of the probe card of the fifth embodiment as 

45 illustrated in Fig. 8 except tiiat tiie probe card of the 
sixth embodiment has a light emitting device 6 in place 
of the semiconductor chip 8 and that the semiconductor 
substrate 1 is formed witii a through hole 10 just below 
tiie light emitting device 6. through which the light emit- 
so ting device 6 emits a light. The through hole 10 is 
formed by laser or etching. 

When a tested semiconductor device is found 
defective, the light emitting device 6 emits a light 7 to the 
defective semiconductor device, thereby the defective 

55 semiconductor device being marked. Namely, tiie probe 
card acts also as a marker to defective semiconductor 
devices. 

Turning to Fig. 10, a probe card made In accord- 
ance with the seventh embodiment of the present inven- 
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tion is described hereinbelow. TTie illustrated probe card 
has the same structure as the probe card made in 
accordance with the first embodiment as illustrated in 
Fig, 3 except that the semiconductor substrate 1 is 
formed centrally with a through hole 1 0 so that a light 7 5 
such as laser and a probe can pass therethrough to 
mark a defective semiconductor device. Thus, the probe 
card acts also as a marker to defective semiconductor 
devices. 

Turning to Figs. 1 1 A and 1 1 B, a probe card made In 10 
accordance with the eighth embodiment of the present 
invention is descn'bed. The eighth embodiment has a 
structure obtained by combining the fourth and fifth 
embodiments together. A device 1 1 for changing speci- 
fication of a tester device is mounted on an upper sur- is 
face of the semiconductor substrate 1 through the ball- 
bump 9. whereas the circuit region 2 and the light emit- 
ting device 6 are formed below a lower surface of the 
semiconductor substrate 1. The probe card has two 
functions, one of which is to change specification of a so 
tester device, and the other is to mark semiconductor 
devices which have been found defective by testing. 

Fig. 11 B Is an enlarged view of a portion of Rg. 1 1 A 
enclosed with a capital letter "A", and illustrates a struc- 
ture for electrically connecting the electrically conduc- 25 
tive wirings 4. formed on the upper and lower surfeces 
of the semiconductor substrate 1, to each other. The 
process of fabricating the probe card is similar to the 
steps illustrated in Figs. 4A to 4H. 

First the recessed portion 16 is formed with the so 
semiconductor substrate 1 at a surface below which the 
circuit region 2 is formed. Then, a through hole 17 is 
formed communicating the recessed portion 16 to an 
upper surface of the semiconductor substrate 1 by using 
laser or by etching. Then, the metallic oxide film 2 is 35 
formed to thereby electrically insulate the recessed por- 
tion 16 and through hole 17 from the semiconductor 
substrate 1 . Tlien, the electrically conductive wiring 4 
made of aluminum is patterned on the metallic oxide 
film 12 by sputtering or evaporation. Then, the protec- 4o 
tion film 18 (not illustrated) is formed except on the 
recessed portion 16. On the protection film 18 are 
formed a Ni layer 1 4a and an Au layer 1 4b as electrically 
conductive, thin films by electrolysis plating or non-elec- 
trolysis plating. Rnally, the ball4xjmp 5 is formed within 4S 
the recessed portion 16. Thus, the probe card of the 
present embodiment can be readily fabricated basically 
by semiconductor diffusion process. 

Although the protection film is made of polyimide 
resin in the semiconductor device and probe card to be so 
fabricated in accordance with the alx)ve mentioned 
embodiments, material of which the semiconductor 
device or probe card is made is not to be limited to 
them. For instance, they may be made of organic mate- 
rial such as epoxy resin and benzocyclobutene or inor- ss 
ganic materia! such as various metallic oxide films. 

The electrically conductive, thin film 14 may be 
made of Ti-Au or Ni-Au in place of Cr-Cu-Au of which 
the film 14 is made in the semiconductor device of the 



first and second emtxxiiments. 

In addition, the ball-bumps 5 may be formed by 
using soldering material containing Sn-Ag. Sn-Zn. Au- 
Sn, Au or In as a chief ingredient in place of the solder- 
ing material containing Pb-Sn used in the above men- 
tioned emt^odiments. 

In view of the above mentioned emtxxfiments, the 
present invention provide advantages as follows. 

Since the recessed portions are formed by using 
lithography technique, the ball-bumps can be positioned 
exactly in place with the result of highly accurate contact 
to a moc^le. Hence. It is possible to obtain a semicon- 
ductor device at a low cost which includes highly reliable 
ball-bumps having high adhesive strength. Namely, 
since the recessed portions are formed by masking and 
then etching, the recessed portions can be located at 
just intended places. Accordingly, the ball-bumps which 
would be formed in subsequent steps can be positioned 
exactly in place. 

The ball-bunnps are secured to a surface of the 
recessed portions by using soldering ntaterial. There 
can be obtained a wide area for contact of the ball- 
bumps and soldering material, and hence it is possible 
to obtain high adhesive force therebetween. It is rela- 
tively easy to set balls and soldering material in the for- 
mation of the ball-bumps, which would decrease total 
fabrication costs. 

Since the recessed portions and ball-bumps are 
electrically insulated from one another by oxide films, 
respectively, there does not occur leakage between the 
ball-bumps. 

If the ball-bumps were made of resin, there coukt 
be obtained connection between the ball-bumps and a 
module, which connection is highly resistant to thermal 
stress even between materials having different thermal 
expansion coeffidencies. 

As mentioned earlier, the semiconductor device 
made in accordance with the present invention can be 
used as a probe card having a function of a tester. Thus, 
it is no longer necessary to separately pr^are a tester 
for testing electrical performances of semiconductor 
devices. In addition, the semiconductor device to be 
used as a probe card can adapt to a change in tester 
specification. Furthermore, the semiconductor device 
can provide a smaller-sized probe card than a conven- 
tional one. 

The fabrication of the probe card can be readily 
accomplished by semiconductor diffusion process, and 
hence it is not necessary to have high-degree tech- 
nique. Accordingly, the semiconductor device acting as 
a probe card can be fabricated at a low cost. Although 
the above mentioned embodiments refer to a one-chip 
structure, the present invention can be applied to multi- 
chips and wafer-to-wafer probing. 

The semiconductor device acting as a probe card 
makes contact with a device to be tested through ball- 
bumps, and thus it is possible to shorten a contact 
length. As a result, a test for electrical performances 
including high frequency can be carried out at high 
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speed. Accordingly, the semiconductor device acting as 
a probe card makes it possible to carry out a test for 
Items which could not be carried out unless a tester is 
assembled to a package. 

Claims 

1. A semiconductor device comprising at least one 
ball-bump, characterized by: 

a semiconductor substrate (1) formed ther- 
eon with at least one recessed portion (16); and 

an electrically conductive layer (4) covering 
at least a surface of the recessed portion (16) 
therewith, the ball-bump (5) being formed on the 
electrically conductive layer (14) within the 
recessed portion (16). 

2. The semiconductor device as set forth in claim 1 
further comprising a protection film (18) formed 
over a surface of the semiconductor substrate (1). 

3. The semiconductor device as set forth in claim 1 
further comprising a tester device (2) formed in the 
semiconductor substrate (1), the tester device (2) 
having a function of testing electrical perfbnuances 
of a semiconductor device so that the semiconduc- 
tor device can act as a probe card. 

4. The semiconductor device as set forth in any one of 
claims 1 to 3 further comprising a tfnin, electrically 
conductive film (14) formed over ttie electrically 
conductive layer (4) within the recessed portion 
(16), the thin, electrically conductive film (14) being 
made of one of Ti-Cu, Ni-Au and Cr-Cu-Au. 

5. The semiconductor device as set forth in any one of 
claims 1 to 3, wherein the semiconductor substrate 
(1) is nfiade of silicon and tiie recessed portion (16) 
is formed on a surface having Miller indices of 
(100). 

6. The semiconductor device as set forth in claim 4 
wherein the electrically conductive layer (4) is 
formed over the semiconductor substrate (1). the 
semiconductor device further comprising a protec- 
tion film (18) formed over the electrically conductive 
layer (4) but except over the recessed portion (16). 

7. The semiconductor device as set forth in any one of 
claims 1 to 3 f urttier comprising a metallic oxide film 
(12) formed below the electrically conductive layer 
(14). 

8. The semiconductor device as set fath in any one of 
claims 1 to 3. wherein the ball-bump (5) is formed 
by using soldering material which contains one of 
Pb-Sn, Sn-Ag, Sn-Zn, An-Sn, Au and In as a princi- 
pal ingredient. 



9. The semiconductor device as set forth in claim 3. 
wherein the semiconductor substrate (1) is made of 
GaAs and the tester device (2) includes a light emit- 
ting device (6) therein which is designed to emit a 

5 light (7) to a semiconductor device which has been 
found defective by the tester device (2). 

10. The semiconductor device as set forth in claim 3. 
wherein the semiconductor suljstrate (1) is formed 

10 vwth at least one through hole (1 0) through which a 
light (7) is to pass or a probe is to be inserted. 

11. A semiconductor device comprising at least one 
t)all-bump. characterized by: 

IS a semiconductor substrate (1) formed on 

one of upper and lower surfaces thereof with at 
least one recessed portion (16); 

an electrically conductive layer (4) covering 
at least a surface of the recessed portion (16) 
20 therewith, the ball-bump (5) being formed on ttie 
electrically conductive layer (4) within tiie recessed 
portion (16); 

a circuit pattern (4a) formed on tine other sur- 
face of the semiconductor substrate (1). the circuit 
25 pattern (4a) being electrically connected to the 
electrically conductive layer (4) via through holes 
(4b) formed in the semiconductor substrate (1); and 
a semiconductor chip (8) disposed on the 
circuit pattern (4a) in electrical connection therewith 
30 to constitute a tester device having a function of 
testing electrical performances of a semiconductor 
device so that the semiconductor device can act as 
a probe card. 

35 12. The semiconductor device as set forth in claim 1 1 , 
wherein the semiconductor chip (8) is designed to 
have a function for changing specification of the 
tester device (2). 



40 13. The semiconductor device as set forth in claim 1 1 
furtiier comprising a light emitting device (6) in 
place of the semiconductor chip, the semiconductor 
substrate (1) being formed with a through hole (10). 
the light emitting device (6) being disposed in align- 

45 ment with the through hole (10) and emitting a light 
(7) tiirough the through hole (10) to a semiconduc- 
tor device which has been found defective. 
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14. A semiconductor device comprising at least one 
ball-bump, characterized by: 

a semiconductor substrate (1) formed on 
one of upper and lower surfaces thereof with at 
least one recessed portion (16); 

an electrically conductive layer (4) covering 
at least a surface of the recessed portion (16) 
therewith, the ball-bump (5) being formed on tiie 
electrically conductive layer (4) witiiin the recessed 
portion (16); 

a circuit pattern (4a) formed on the other sur- 
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face of the semiconductor substrate (1), the circuit 
pattern (4a) being electrically connected to the 
electrically conductive layer (4) via through holes 
(4b) formed in the semiconductor substrate (1); 

a tester device (2) formed below the other $ 
surface of the semiconductor substrate (1). the 
tester device (2) having a function of testing electri- 
cal performances of a semiconductor device so that 
the semiconductor device can act as a probe card; 

a light emitting device (6) being designed to io 
emit a light (7) to a semiconductor device which has 
been found defective by the tester device (2); and 

a semiconductor chip (8) disposed on the 
circuit pattern (4a) in electrical connection there- 
with, the semiconductor chip (8) being designed to 75 
have a fimc^on for changing specification of the 
tester device (2). 

15. A method of fabricating a semiconductor device 
having at least one bali-bump. characterized by the 20 
steps of: 

fabricating a tester device (2) for t^ing 
electrical performances of a semiconductor device: 

forming a recessed portion (16) on a surface 
of a semiconductor substrate (1); 25 

covering the semiconductor substrate (1) 
with a metallic oxide layer (12); 

forming through holes (19) in the metallic 
oxide layer (12); 

forming an electrically conductive layer (4) 30 
over the metallic oxide layer (12). the metallic oxide 
layer (12) having electrical connection with the 
tester device (2) through the through holes (19); 

forming a protection layer (18) over the sem- 
iconductor substrate (1) except the recessed por- 3s 
tion (16); 

forming a thin, electrically conductive film 
(14) over the electrically conductive layer (4) within 
the recessed portion (16); and 

forming a ball-bump (5) covering the 40 
recessed portion (16). 
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